(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europ6en des brevets 



.(11) 



EP 0 942 407 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

15.09.1999 Bulletin 1999/37 

(21) Application number: 98902258.7 

(22) Date of filing: 1 6.02.1 998 



(51) Int. CI. 6 : G09G 3/30, H05B 33/08, 
H01L 33/00 

(86) International application number: 
PCT/JP98/00646 

I* 

(87) International publication number: 

WO 98/36405 (20.08.1998 Gazette 1998/33) 



(84) 


Designated Contracting States: 


(72) Inventor: 




DE FR GB NL 


KIMURA, Mutsuml, 






Seiko Espon Corporation 


(30) 


Priority: 1 7.02.1 997 JP 3248097 


Nagano-ken 392-8502 (JP) 


(71) 


Applicant: 


(74) Representative: 




SEIKO EPSON CORPORATION 


Sturt, Clifford Mark et al 




Tokyo 163 (JP) 


Miller Sturt Kenyon 






9 John Street 






London WC1 N 2ES (GB) 



(54) CURRENT-DRIVEN EMISSIVE DISPLAY DEVICE, METHOD FOR DRIVING THE SAME, AND 
METHOD FOR MANUFACTURING THE SAME 

(57) A reduction in deterioration of a switching ele- 
ment over time in a current driving type emissive appa- 
ratus is realized. At the same time, a reduction in power 
consumption is realized. To this end, an AC voltage or 
an alternating current is applied between a source and 
a drain terminal of a switching element, and a DC volt- 
age or a direct current is applied between a first and a 
second terminal of a luminescent element This is real- 
ized by application of a voltage, which is inverted at pre- 
determined intervals, to two luminescent elements 
heterogeneously arranged, to a luminescent element 
and a rectifier arranged in reverse orientation and in 
parallel, or to a full-wave rectification circuit. At this time, 
the rectifier is formed by a thin-film transistor, a PN junc- 
tion, or a PIN junction, and is formed simultaneously 
with an existing switching element. 
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Description 

Technical Held 

[0001 ] The present invention relates to a current driv- 
ing type emissive display apparatus such as an organic 
electro luminescence (hereinafter referred to as an 
"organic EL") device having a thin-film transistor and a 
method for driving the apparatus, and more particularly, 
to a technique for realizing a reduction in deterioration 
over time or a reduction in both deterioration over time 
and electric power consumption simultaneously. 

Background, Art 

[0002] An operation of a conventional current driving 
type emissive apparatus such as an organic EL having 
thin-film transistors will be described with reference to 
Figs. 16. 17. and 18. 

[0003] Fig. 16 is an equivalent circuit diagram of one 
pixel of the conventional organic EL display device hav- 
ing thin-film transistors. Fig. 17 is an equivalent circuit 
diagram showing a matrix construction of the conven- 
tional organic EL display device having thin-film transis- 
tors, and Fig. 18 is a driving voltage diagram of the 
conventional organic EL display device having thin4ilm 
transistors. 

[0004] Provided are: a data line 1 1 2; a first switching 
element 121 (hereinafter referred to as a "switching 
thin-film transistor") in which the source terminal side is 
connected to the data line 1 12 and a gate electrode is 
connected to a scanning line 1 1 1 ; a holding electrode 
1 13 for storage capacity, in which one terminal is con- 
nected to the drain terminal side of the switching thin- 
film transistor 121; a second switching element 122 
(hereinafter referred to as a "current thin-film transis- 
tor"), in which a gate terminal is connected to the drain 
terminal of the switching thin-film transistor and the 
source terminal is connected to a first feeder 114; and 
an organic EL device 135, one terminal of which is con- 
nected to the drain terminal of the current thin-film tran- 
sistor and the other terminal of which is connected to a 
second feeder. 

[0005] The switching thin-film transistor 121 controls 
the conduction between the data line 112 and the hold- 
ing electrode 113 by the potential of the scanning line 
111. That is, a scanning potential 21 1 controls the con- 
duction between a signal potential 212 and a holding 
potential 213. Although an n-channel type thin-film tran- 
sistor is employed as the switching thin-film transistor 
121 in this example, a p-channel type thin-film transistor 
may also be employed. In such an example the high- 
potential-side of the scanning potential 211 and the low- 
potential-side thereof are reverse to those of this 
embodiment. 

[0006] In a pixel in a displaying condition, the signal 
potential 212 is high and the high potential is held at the 
holding potential 213. In a pixel in a non-displaying con- 



dition, the signal potential 212 is low and the low poten- 
tial is held at the holding potential 213. 
[0007] The current thin-film transistor 1 22 controls the 
conduction between the first feeder 114 and a pixel 

5 electrode 1 15 by the potential of the holding electrode 
1 13. That is, the holding potential 213 controls the con- 
duction between a first feed potential 214 and a pixel 
potential 215. Although an n-channel type thin-film tran- 
sistor is employed as the current thin-film transistor 122 

io in this example, a p-channel type thin-film transistor 
may also be employed. In such an example the high- 
potential-side of the signal potential 212 and the low 
potential thereof are reverse to those of this embodi- 
ment. 

is [0008] In a pixel in a displaying condition, the holding 
potential 213 is high, so the first feeder 1 14 and the pixel 
electrode 1 15 are electrically connected. In a pixel in a 
non-displaying condition, the holding potential 213 is 
low. so the conduction between the first feeder 114 and 

20 the pixel electrode 1 15 is interrupted. 

[0009] In a pixel in a displaying condition, the current 
flows from the first feeder 114 through the current thin- 
film transistor 122 and the pixel electrode 1 15 to a sec- 
ond feeder 116, and the organic EL device 135 emits 

25 light. In a pixel in a non-displaying condition, no current 
fbws. and the organic EL device will not emit light. 
[001 0] Since the first feed potential 2 1 4 is higher than 
a second feed potential 216, the current flows from the 
first feeder 114, through the current thin-film transistor 

30 the pixel electrode 115, and the organic EL device 
135 to the second feeder 1 16. 

[0011] The actual operation of organic EL display 
apparatuses with thin-film transistors is not as simple as 
that described above and the devices operate under 
35 more complex relationships of voltages and currents. 
Similarly and qualitatively, however, the above descrip- 
tion holds true. 

[001 2] Fig. 1 9 is a sectional view of the organic EL dis- 
play apparatus having a conventional thin-film transts- 

40 tor. Fig. 20 is a plan view of the organic EL display 
apparatus having the conventional thin-film transistor. A 
section taken along the line A-A of Fig. 19 corresponds 
to a section taken along the line A-A' of Fig. 20. 
[0013] In the organic EL device 135, a current flows 

45 from a high-electric-potential-side electrode 165 of the 
organic EL device through a luminescent material 155 
for the organic EL device to a low-electric-potential elec- 
trode 175 of the organic EL device. Although PPV, ITO, 
and A! are respectively employed as the luminescent 

so material for the organic EL device 155. the material for 
the high electric potential side electrode 165 of the 
organic EL device, and the material for the low-electric- 
potential electrode 175 of the organic EL device in this 
example, other materials may also be used. 

55 [0014] In the conventional example, in which an AC 
voltage is applied between the source terminal and the 
drain terminal of the switching thin-film transistor 121 , to 
cause an alternating current to flow, a DC voltage is 
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applied between the source terminal and the drain ter- 
minal of the current thin-film transistor 122 to disadvan- 
tageous^ cause a direct current to flow. This is due to 
an asymmetric configuration optimizing the materials of 
the high and low-potential-side in order to improve the 5 
luminous efficiency of the organic EL device 135; the 
organic EL device emits light because of the DC voltage 
being applied causing the direct current to flow. How- 
ever, when a DC voltage is applied not only to the 
organic EL device but also to the thin-film transistor or a 10 
direct current flowsra-rapid deterioration of the thin-film 
transistor over time will be caused. 
[001 5] On the other hand, an AC voltage may also be 
applied between the source terminal and the drain ter- 
minal of the current thin-film transistor 1 22. In this case, is 
an alternating current will not flow through the organic 
EL device 1 35. but only a one-way current flow, because 
of the rectification of the organic EL device 135. In other 
words, the organic EL device 135 emits light in one 
direction, while it does not emit light in the other direc- 20 
tion. so that the luminous eff idency deteriorates. Thus it 
requires an increase in power consumption to obtain the 
same amount of light emission as in the case in which a 
DC voltage is applied to cause a direct current to flow. 

25 

Disclosure of Invention 

[0016] Thus, an object of this invention is to reduce 
deterioration over time of a switching element such as a 
thin-film transistor in a current driving type emissive so 
apparatus such as an organic EL display device having 
a thin-film transistor. Another object of this invention is 
to reduce in deterioration over time of a switching ele- 
ment such as a thin-film transistor, and to simultane- 
ously achieve both improvement in luminous efficiency 35 
and reduction in power consumption. 
[001 7] To solve the above problems, this invention, as 
claimed in claim 1, comprises a plurality of scanning 
lines, a plurality of delta lines, and thin-film transistors 
and a luminescent element formed in a manner such 40 
that they correspond to each intersection of the scan- 
ning lines and the data lines, wherein an AC voltage is 
applied between source and drain terminals of the thin- 
film transistors and wherein a DC voltage is applied 
between first and second terminals of the luminescent 45 
element. 

[001 8] In accordance with this invention, as claimed in 
claim 1, not only reduction in the deterioration of thin- 
film transistors over time due to a direct current , but 
also improvement of the luminous efficiency of the lumi- so 
nescent elements can be realized. 
[0019] This invention, as claimed in claim 2, com- 
prises a plurality of scanning lines, a plurality of data 
lines, and thin-film transistors and a luminescent ele- 
ment formed in a manner such that they correspond to ss 
each intersection of the scanning lines and the data 
lines, wherein an alternating current flows between 
source and drain terminals of the thin-film transistors 



and wherein a direct current flows between first and 
second terminals of the luminescent element. 
[0020] In accordance with this invention, as claimed in 
claim 2, riot only reduction in deterioration of thin-film 
transistors over time due to a direct current , but also 
improvement of the luminous efficiency of the lumines- 
cent element can be realized. 

[0021] This invention, as claimed in claim 3, is a cur- 
rent driving type emissive apparatus which comprises a 
plurality of scanning lines, a plurality of data lines, a first 
feeder, and a second feeder, the current driving type 
emissive apparatus having in correspondence with 
each intersection of the scanning lines and the data 
lines, a first switching element, a second switching ele- 
ment, a storage capacitor, a pixel electrode and a lumi- 
nescent element, the first switching element controlling 
conduction between the data lines and the storage 
capacitor by means of a potential of the scanning lines, 
the second switching element controlling conduction 
between the first feeder and the pixel electrode by 
means of a potential of the storage capacitor, to thereby 
control a current flowing through the luminescent ele- 
ment arranged between the pixel electrode and the sec- 
ond feeder, wherein the luminescent element comprises 
a first luminescent element that emits light by a current 
flowing from the pixel electrode to the second feeder 
and a second luminescent element that emits light by a 
current flowing from the second feeder to the pixel elec- 
trode, and wherein the first and the second luminescent 
elements are arranged in parallel. 
[0022] In accordance with the invention, as claimed in 
claim 3, when the potential for the first feeder across the 
second feeder, is inverted at predetermined intervals, an 
AC voltage is applied between the sburce and the drain 
terminals of the second switching element causing an 
alternating current to flow. Then since a deterioration of 
the second switching element over time due to a DC 
voltage or a direct current can be reduced, and either of 
the first luminescent element or the second luminescent 
element can emit light, the power consumption can 
decrease without deterioration of the luminous effi- 
ciency. 

[0023] This invention claimed, as in daim 4, is a cur- 
rent driving type emissive display apparatus which com- 
prises a plurality of scanning lines, a plurality of data 
lines, a first feeder, and a second feeder, the current 
driving type emissive display apparatus further having, 
in correspondence with each intersection of the scan- 
ning lines and the data lines, a first switching element a 
second switching element a storage capacitor, a pixel 
electrode and a luminescent element wherein the first 
switching element controls conduction between the 
data lines and the storage capacitor by means of a 
potential of the scanning lines, the second switching 
element controls conduction between the first feeder 
and the pixel electrode by means of a potential of the 
storage capacitor, to thereby control a current flowing 
through the luminescent element arranged between the 
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pixel electrode and the second feeder, wherein the lumi- 
nescent element and a rectifier are arranged in parallel 
between the pixel electrode and the second feeder, 
wherein the luminescent element emits light by a cur- 
rent flowing from the pixel electrode to the second 
feeder, and wherein the rectifier is formed in a manner 
such that a current flows from the second feeder to the 
pixel electrode. 

[0024] In accordance with the invention, as claimed in 
claim 4, an AC voltage is applied between the source 
and the drain terminals of the first switching element 
and the second switching element causing an alternat- 
ing current to flow, and a direct current flows between 
the first and the second terminals of the luminescent, 
element. Since a luminescent element emits light by a 
current flowing from the pixel electrode to the second 
feeder, and the rectifier is constructed in a manner such 
that a current flows from the second feeder to the pixel 
electrode, deterioration of the second switching element 
over time due to a direct current or a DC voltage can be 
prevented. 

[0025] This invention, as claimed in claim 5, is a cur- 
rent driving type emissive display apparatus which com- 
prises a plurality of scanning lines, a plurality of data 
lines, a first feeder, and a second feeder, the current 
driving type emissive display apparatus further having, 
in correspondence with each intersection of the scan- 
ning lines and the data lines, a first switching element, a 
second switching element, a storage capacitor, a pixel 
electrode and a luminescent element, wherein the first 
switching element controls the conduction between the 
data lines and the storage capacitor by means of a 
potential of the scanning lines, and the second switch- 
ing element controls the conduction between the first 
feeder and the pixel electrode by means of a potential of 
the storage capacitor, to thereby control a current flow- 
ing through the luminescent element arranged between 
the pixel electrode and the second feeder, wherein the 
luminescent element and a rectifier are arranged in par- 
allel between the pixel electrode and the second feeder, 
wherein the luminescent element emits light by a cur- 
rent flowing from the second feeder to the pixel elec- 
trode, and wherein the rectifier is formed in a manner 
such that a current flows from the pixel electrode to the 
second feeder. 

[0026] In accordance with the invention, as claimed in 
claim 5, when a luminescent element emits light by a 
current flowing from the second feeder to the pixel elec- 
trode, and the rectifier is constructed in a manner such 
that a current flows from the pixel electrode to the sec- 
ond feeder, deterioration over time due to a DC voltage 
or a direct current can be reduced. 
[0027] This invention, as claimed in claim 6, is a cur- 
rent driving type emissive display apparatus which com- 
prises a plurality of scanning lines, a plurality of data 
lines, a first feeder, and a second feeder, the current 
driving type emissive display apparatus further having, 
in correspondence with each intersection of the scan- 



ning lines and the data lines, a first switching element a 
second switching element, a storage capacitor, a pixel 
electrode and a luminescent element wherein the first 
switching element controls conduction between the 
5 data lines and the storage capacitor by means of a 
potential of the scanning lines, wherein the second 
switching element controls conduction between the first 
feeder and the pixel electrode by means of a potential of 
the storage capacitor, to thereby emit light by a current 
w following through the luminescent element which is 
arranged between the first electrode connected to the 
pixel electrode and the second electrode connected to 
the second feeder, the current driving type emissive dis- 
play apparatus further comprising a first rectifier con- 
■ '75 structed so as to cause a current to flow from the pixel 
electrode to the first electrode, a second rectifier con- 
structed so as to cause a current to flow from the sec- 
ond electrode to the pixel electrode, a third rectifier 
constructed so as to cause a current to flow from the 
20 second feeder to the first electrode, and a fourth rectifier 
constructed so as to cause a current to flow from the 
second electrode to the second feeder, and wherein the 
luminescent element emits light by a current flowing 
from the first electrode to the second electrode. 
2s [0028] This invention enables reduction in deteriora- 
tion of the second switching element over time due to a 
DC voltage and a direct current. 
[0029] This invention, as claimed in claim 7. relates to 
a method for driving a current driving type emissive dis- 
30 play apparatus as claimed in any one of claims 3, 4, and 
5, wherein a voltage between the first feeder and the 
second feeder is inverted at predetermined intervals. 
[0030] This invention can realize a direct current 
caused to flow through a luminescent element, and 
35 simultaneously an AC voltage applied between the 
source and drain terminals of the second switching ele- 
ment causing an alternating current to flow. Additionally, 
there can be realized a decrease in the deterioration of 
the second switching element over time due to a DC 
40 voltage or a direct current, and simultaneously, the lumi- 
nous efficiency can be improved and by emission from 
a luminescent element during both inverting periods of 
the potential between the first feeder and the second 
feeder, the power consumption can be reduced. 
45 [0031 ] This invention claimed, as in claim 8. relates to 
a method for producing a current driving type emissive 
display apparatus according to claim 4 or 5, wherein at 
least one of the rectifiers, the first rectifier, the second 
rectifier, the third rectifier, and the fourth rectifier com- 
50 prises a switching element for rectification connected to 
a gate, a source, or a drain terminal, and wherein the 
switching element for rectification is formed simultane- 
ously with at least one of the first and the second switch- 
ing elements. 

55 [0032] The invention, as claimed in claim in 9. is a cur- 
rent driving type emissive display apparatus according 
to claim 4 or 5. wherein at least one of the rectifiers, the 
first rectifier, the second rectifier, the third rectifier, and 
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the fourth rectifier is formed by a PN junction or a PIN 
junction, and formed simultaneously with at least one of 
the first and the second switching elements. 
[0033] This configuration can realize a reduction in the 
deterioration of the second switching element over time s 
due to a DC voltage or a direct current, and also 
improvement of the luminous efficiency and reduction in 
the power consumption by permitting a luminescent ele- 
ment to emit light during both periods of inversion of the 
potential between the first feeder and the second 10 
feeder, without an additional production process. 

Brief Descri ption of the Drawings 

[0034] is 

Figure 1 is an equivalent circuit diagram of one pixel 
of an organic EL display device as one example of 
a current driving type emissive display apparatus 
having a switching element such as a thin-film tran- 20 
sistor of a first embodiment of this invention. 
Figure 2 is an equivalent circuit diagram showing a 
matrix construction of the organic EL display device 
having the thin-film transistor of the first embodi- 
ment of this invention. 25 
Figure 3 is a driving voltage diagram of the organic 
EL display device having the thin-film transistor of 
the first embodiment of this invention. 
Figure 4 is a sectional view of the organic EL dis- 
play device having the thin-film transistor of the first 30 
embodiment of this invention. 
Figure 5 is a plan view of the organic EL display 
device having the thin-film transistor of the first 
embodiment of this invention. 
Figure 6 is an equivalent circuit diagram of one pixel 
of an organic EL display device having a thin-film 
transistor of a second embodiment of this invention. 
Figure 7 is an equivalent circuit diagram showing a 
matrix construction of the organic EL display device 
comprising the thin-film transistor relating to the 
second embodiment of the invention. 
Figure 8 is a driving voltage diagram of the organic 
EL display device having the thin-film transistor of 
the second embodiment of this invention. 
Figure 9 is a sectional view of the organic EL dis- 
play device having the thin-film transistor of the sec- 
ond embodiment of this invention. 
Figure 10 is a plan view of the organic EL display 
device having the thin-film transistor of the second 
embodiment of this invention. 
Figure 11 is an equivalent circuit diagram of one 
pixel of an organic EL display device having a thin- 
film transistor of a third embodiment of this inven- 
tion. 

Figure 1 2 is an equivalent circuit diagram showing a 
matrix construction of the organic EL display device 
having the thin-film transistor of the third embodi- 
ment of this invention. 



Figure 1 3 is a driving voltage diagram of the organic 
EL display device having the thin-film transistor of 
the third embodiment of this invention. 
Figure 14 is a sectional view of the organic EL dis- 
play device having the thin-film transistor of the 
third embodiment of this invention. 
Figure 15 is a plan view of the organic EL display 
device having the thin-film transistor of the third 
embodiment of this invention. 
Figure 16 is an equivalent circuit diagram of one 
pixel of an organic EL display device having a thin- 
film transistor of a conventional form. 
Figure. 1 7 is an equivalent circuit diagram showing a 
matrix construction of the organic EL display device 
having the thin-film transistor of the conventional 
form. 

Figure 1 8 is a driving voltage diagram of the organic 
EL display device having the thin-film transistor of 
the conventional form. 

Figure 19 is a sectional view of the organic EL dis- 
play device having the thin-film transistor of the 
conventional form. 

Figure 20 is a plan view of the organic EL display 
device having the thin-film transistor of the conven- 
tional form. 

Reference Numerals 

[0035] 



111 scanning line 

112 data line 

113 holding electrode 

114 first feeder 
35 115 pixel electrode 

116 second feeder 

117 first electrode 

1 1 8 second electrode 
121 switching thin-film transistor 

40 122 current thin-film transistor 

123 storage capacitor 

131 forward oriented organic EL device 

1 32 reverse oriented organic EL device 

1 33 organic EL device 
45 134 organic EL device 

135 organic EL device 

141 rectifier 

142 first rectifier 

143 second rectifier 
so 144 third rectifier 

145 fourth rectifier 

151 luminescent layer of forward oriented organic 
EL device 

152 luminescent layer of reverse oriented organic 
55 EL device 

1 53 luminescent layer of organic EL device 

1 54 luminescent layer of organic EL device 

1 55 luminescent layer of organic EL device 
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161 high-potential-side electrode of forward ori- 
ented organic EL device 

162 high-potential-side electrode of reverse ori- 
ented organic EL device 

163 high-potential-side electrode of organic EL s 
device 

164 high-potential-side electrode of organic EL 
device 

165 high-potential -side electrode of organic EL 
device 10 

1 71 low-potential-side electrode of forward oriented 
organic EL device 

172 low-potential-side electrode of reverse oriented 
organic EL device ^ 

173 low-potential-side electrode of organic EL *' 75 
device 

174 low-potential-side electrode of organic EL 
device 

175 low-potential-side electrode of organic EL 
device 20 

181 resist 

201 odd-number frame 

202 even-number frame 

21 1 scanning potential 

212 signal potential 25 

213 holding potential 

214 first feed potential 

215 pixel potential 

216 second feed potential 

231 current flowing through forward oriented 30 
organic EL device 

232 current flowing through reverse oriented 
organic EL device 

233 current flowing through organic EL device 

234 current flowing through organic EL device & 

235 current flowing through organic EL device 

Best Mode for Carrying Out the Invention 

[0036] Several preferred embodiments of this inven- 40 
tion will be described with reference to the drawings 
hereinafter. First Embodiment 

[0037] Fig. 1 is an equivalent circuit diagram of one 
pixel of an organic EL display device having a thin-film 
transistor according to a first embodiment of this inven- 45 
tion, Fig. 2 is an equivalent circuit diagram showing the 
matrix construction of an organic EL display device 
equipped with a thin-film transistor according to the first 
embodiment of this invention, and Fig. 3 is a driving volt- 
age diagram of an organic EL display device having a so 
thin-film transistor according to the first embodiment of 
this invention. 

[0038] The operation of the organic EL display device 
having the thin-film transistor of this embodiment will be 
described with reference to Figs. 1 , 2. and 3. ss 
[0039] As shown in Figs. 1 and 2, a data line 1 12 is 
formed so as to extend perpendicular to the direction of 
a scanning line 111. The scanning line 1 1 1 is connected 



to a gate electrode of a first switching element (herein- 
after referred to as a "switching thin-film transistor"), and 
one of a source or a drain of the switching thin-film tran- 
sistor 1 21 is connected to the data line 112. The other of 
the source or the drain of the switching thin-film transis- 
tor 121 is connected to an electrode 1 13 of a storage 
capacitor 123, while another electrode of the storage 
capacitor 1 23 is connected to a first feeder 114. 
[0040] A gate electrode of a second switching element 
(hereinafter referred to as a "current thin-film transistor") 
is electrically connected to the storage capacitor 123, 
and one of the source or the drain regions of the current 
thin-film transistor 122 is electrically connected to the 
first feeder. The other of the source or the drain regions 
of the current thin-film transistor 123 is electrically con- 
nected to an electrode (pixel electrode) 115 of an 
organic EL device 131 or 132. The first feeder is main- 
tained at a fixed potential. Although in this embodiment 
the construction is such that the first feeder, is con- 
nected to both the other electrode of the storage capac- 
itor 1 23 and one of the source or the drain regions of the 
current thin-film transistor 122, the other electrode of 
the storage capacitor 123 and the one of the source or 
drain regions of the current thin^ilm transistor 122 may 
also be connected to separate wirings having fixed 
potentials instead of a common first feeder. 
[0041] When the switching thin-film transistor 121 is 
selected by a scanning signal supplied to the scanning 
line 111, and the organic EL display device constructed 
in the manner described above is thereby turned ON, an 
image signal from the data line 1 12 is written to the stor- 
age capacitor 123 through the switching thin-film tran- 
sistor 121. In a pixel in a displaying condition, a current 
flows from the first feeder 114 through the current thin- 
film transistor 122 and the pixel electrode 1 15 to a sec- 
ond feeder 1 16, or a current flows in the reverse direc- 
tion, and the organic EL device 131 or the organic EL 
device 132, arranged in parallel, emits light. In other 
words, in this embodiment, in which the organic EL 
devices 131 and 132 are arranged in parallel, and the 
two organic EL devices are comprised of the organic EL 
device 131 (hereinafter referred to as a "forward ori- 
ented organic EL device") which emits light by a current 
flowing from the pixel electrode 115 to the second 
feeder 116 and the organic EL device 132 (hereinafter 
referred to as a "reverse oriented organic EL device") 
which emits light by a current flowing from the second 
feeder 1 1 6 to the pixel electrode 1 1 5. In a pixel in a non- 
displaying condition, no current flows, and the organic 
EL devices do not emit light 

[0042] Here, as one example of a system in which the 
sign (+ or -) of the first feeder with respect to that of the 
second feeder is inverted at predetermined intervals, a 
system in which inversion is effected for each vertical 
scanning period, that is, a frame inversion system, will 
be described with reference to Fig. 3. 
[0043] Since the potential 2 1 4 of the first feeder 1 1 4 is 
high©- than the potential 216 of the second feeder 1 16 
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in an odd-number frame 201. a current flows from the 
first feeder 114, through the current thin-film transistor 
122, the pixel electrode 115, and the forward oriented 
organic EL device 131 to the second feeder 1 16. Since 
the first feed potential 214 is lower than the second feed 
potential 216 in an even-number frame 202, a current 
flows from the second feeder 116 through the reverse 
oriented organic EL device 132, the pixel electrode 1 15, 
and the current thin-film transistor 1 22 to the first feeder 
114. 

[0044] Although the signal potentials 212 of an odd- 
number frame 201 and an even-number frame 202 are 
equal in this case, they may also be different from each 
other. In Fig. 3, only the signal potential 212 before and 
after the building up of the potential of a gate electrode 
21 1 is shown and the other potentials are omitted. The 
first feed potential 214 of the odd-number frame 201 is 
equal to the second feed potential 216 of the even- 
number frame 202, and the second feed potential 21 6 of 
the odd-number frame 201 is equal to the first feed 
potential 214 of the even-number frame 202 in this 
case. However, the potentials may be different from 
each other, as long as the voltage sign of the first feed 
potential 214 is inverted with respect to that of the sec- 
ond feed potential 216. 

[0045] In this embodiment, an AC voltage is applied 
between the source terminal and the drain terminal of 
the switching thin-film transistor 121, and between the 
source terminal and the drain terminal of the current 
thin-film transistor 122, to cause an alternating current 
to flow, and a direct current flows between the first ter- 
minal and the second terminal of the forward oriented 
organic EL device 131 and between the first terminal 
and the second terminal of the reverse oriented organic 
EL device 132. This arrangement makes it possible to 
achieve a reduction in deterioration over time of the cur- 
rent thin-film transistor 122 due to a DC voltage or a 
direct current 

[0046] In this embodiment, the organic EL device con- 
sists of the forward oriented organic EL device 131 and 
the reverse oriented organic EL device 132, and the for- 
ward oriented organic EL device 131 is arranged in 
such a manner as to emit light by a current flowing from 
the pixel electrode 115 to the second feeder 116; the 
reverse oriented organic EL device 132 is arranged in 
such a manner as to emit light by a current flowing from 
the second feeder 116 to the pixel electrode 115. Fur- 
ther, the voltage sign of the first feed potential 214 with 
respect to the second feed potential 216 is inverted at 
predetermined intervals. This arrangement makes it 
possible to cause a direct current to flow between the 
first terminal and the second terminal of the forward ori- 
ented organic EL device 131 and between the first ter- 
minal and the second terminal of the reverse oriented 
organic EL device 132. At the same time, this arrange- 
ment makes it possible to cause an AC voltage to be 
applied, between the source terminal and the drain ter- 
minal of the current thin-film transistor 122 causing an 



alternating current to f tow. Thus a reduction in deteriora- 
tion of the thin-film transistor 122 over time due to a DC 
voltage or a direct current can be realized. Further, 
either the forward oriented organic EL device 131 or the 

5 reverse oriented organic EL device 132 emits light dur- 
ing each period of the odd-number frame 201 and the 
even-number frame 202. whereby the luminous effi- 
ciency can be improved and the power consumption 
can be reduced. 

10 [0047] Fig. 4 is a sectional view of the organic EL dis- 
play device having a thin-film transistor of the first 
embodiment of this invention. Fig. 5 is a plan view of the 
organic EL display device having the thin-film transistor 
of the first embodiment of this invention. Sections taken 

75 along the lines A-A' and B-B' of Fig. 4 correspond to the 
sections taken along the lines A-A* and B-B* of Fig. 5. 
[0048] In the f onward oriented organic EL device 131. 
a current flows from a high-potential-side electrode 161 
of the forward oriented organic EL device through a 

20 luminescent layer 151 of forward oriented organic EL 
device to a low-pdtential-side electrode 171 of the for- 
ward oriented organic EL device. In the reverse oriented 
organic EL device 132. a current flows from a high-elec- 
tric- potential-side electrode 162 of the reverse oriented 

25 organic EL device through a luminescent layer 152 of 
reverse oriented organic EL device to a low-potential- 
side electrode 172 of the reverse oriented organic EL 
device. (Second Embodiment) 

[0049] Fig: 6 is an equivalent circuit diagram of one 
30 pixel of an organic EL display device having a thin-film 
transistor of a second embodiment of this invention, Fig. 
7 is an equivalent circuit diagram showing the matrix 
construction of the organic EL display device equipped 
with the thin-film transistor according to the second 
35 embodiment of the invention, and Fig. 8 is a driving volt- 
age diagram of the organic EL display device having the 
thin-film transistor of the second embodiment of this 
invention. 

[0050] The operation of the organic EL display device 

40 having a thin-film transistor of this embodiment will be 
described with reference to Figs. 6. 7, and 8. Since the 
construction of this embodiment is similar to that of the 
first embodiment, only those points which differ from the 
first embodiment will be explained. 

45 [0051 ] The switching thin-film transistor 1 21 . the stor- 
age capacitor 123. and the current thin-film transistor 
122 operate in the same way as in the first embodiment. 
[0052] In a pixel in a displaying condition, a current 
flows from the first feeder 1 14 through the current thin- 

so film transistor 122 and the pixel electrode 115 to the 
second feeder 116. and the organic EL device 133 
emits light In a pixel in a non-displaying condition, no 
current flows, and the organic EL device emits no light. 
[0053] Since the first feed potential 2 1 4 is higher than 

55 the second feed potential 216 in an odd-number frame 
20 1 , a current flows from the first feeder 114 through the 
current thin-film transistor 122. the pixel electrode 115, 
and the organic EL device 133 to the second feeder 
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116. Since the first feed potential 214 is lower than the 
second feed potential 216 in an even-number frame 
202, a current flows from the second feeder 116 through 
a rectifier 141. the pixel electrode 115, and the current 
thin-film transistor 1 22 to the first feeder 114. s 
[0054] Although the organic EL device 133 is 
arranged in such a manner as to emit light by a current 
from the pixel electrode 1 15 to the second feeder 116, 
and the rectifier 141 is arranged in such a manner as to 
cause a current to flow from the second feeder 1 16 to 10 
the pixel electrode 1 15 in this example, the organic EL 
device 133 may also be arranged in such a manner as 
to emit light by a current from the second feeder 1 16 to 
the pixel electrode 115. and the rectifier 141 may be. 4r 
arranged in such a manner as to cause a current to flow is 
from the pixel electrode 1 15 to the second feeder 116. 
[0055] In this embodiment, an AC voltage is applied 
between the source terminal and the drain terminal of 
the switching thin-film transistor 121, and between the 
source terminal and the drain terminal of the current 20 
thin-film transistor 122, to cause an alternating current 
to flow, and a direct current flows between the first ter- 
minal and the second terminal of the organic EL device 
133. This arrangement makes it possible to achieve a 
reduction in deterioration of the current thin-film transis- 25 
tor 1 22 over time due to a DC voltage or a direct current 
[0056] Further in this embodiment, the rectifier 141 is 
formed, the organic EL device 133 is arranged in such a 
manner as to emit light by a current f towing from the 
pixel electrode 115 to the second feeder 1 16 and the 30 
rectifier 141 is arranged in such a manner as to cause a 
current to flow from the second feeder 1 16 to the pixel 
electrode 115. Further the voltage sign of the first feed 
potential 214 with respect to the second feed potential 
216 is inverted at predetermined intervals. This 35 
arrangement makes it possible to cause a direct current 
to flow between the first terminal and the second termi- 
nal of the organic EL device 133. At the same time, this 
arrangement makes it possible to cause an AC voltage 
to be applied between the source terminal and the drain 40 
terminal of the current thin-film transistor 122 causing 
an alternating current to flow. Thus a reduction in dete- 
rioration of the thin-film transistor 1 22 over time due to a 
DC voltage or a direct current can be realized. 
[0057] Fig. 9 is a sectional view of the organic EL dis- 45 
play device having a thin-film transistor of the second 
embodiment. Fig. 10 is a plan view of the organic EL 
display device having the thin-film transistor of the sec- 
ond embodiment. The sections taken along the lines A- 
A' and B-B' of Fig. 9 correspond to the sections taken so 
along the lines A-A* and B-B' of Fig. 10. 
[0058] In this embodiment, the rectifier 141 comprises 
a thin-film transistor for rectification connected to a gate 
terminal, and a source terminal or a drain terminal. The 
thin-film transistor for rectification is formed simultane- 55 
ously with the switching thin-film transistor 121 and the 
current thin^ilm transistor 122. This arrangement 
makes it possible to realize a reduction in deterioration 



of the current thin-film transistor 122 over time due to a 
DC voltage or a direct current without involving an addi- 
tional producing process. 

(Third Embodiment) 

[0059] Fig. 1 1 is an equivalent circuit diagram of one 
pixel of an organic EL display device having a thin-film 
transistor of a third embodiment of this invention, Fig . 1 2 
is an equivalent circuit diagram showing the matrix con- 
struction of the organic EL display device having a thin- 
film transistor of the third embodiment of the invention, 
and Fig. 13 is a driving voltage diagram of the organic 
EL display device having a thin-film transistor of the sec- 
ond embodiment of this invention. 
[0060] The operation of the organic EL display device 
having a thin-film transistor of this embodiment will be 
described with reference to Figs. 11, 12, and 13. Since 
the construction of this embodiment is also similar to 
that of the first embodiment, only those points which dif- 
fer from the first embodiment will be explained. 
[0061 ] The switching thin-film transistor 121 , the stor- 
age capacitor 123, and the current thin-film transistor 
122 operate in the same way as in the first embodiment. 
[0062] In a pixel in a displaying condition, a current 
f tows from the first feeder 114 through the current thin- 
film transistor 1 22 and the pixel electrode 1 1 5 to a sec- 
ond feeder 116, and an organic EL device 134 emits 
light. In a pixel in a non-displaying condition, no current 
flows, and the organic EL device emits no light. 
[0063] Since the first feed potential 21 4 is higher than 
the second feed potential 216 in an odd-number frame 
201 . a current flows from the first feeder 1 1 4 through the 
current thin-film transistor 122, the pixel electrode 115, 
a first rectifier 142, the organic EL device 134 and a 
fourth rectifier 145 to the second feeder 1 16. Since the 
first feed potential 214 is lower than the second feed 
potential 216 in an even-number frame 202, a current 
flows from the second feeder 116 through a third recti- 
fier 144, the organic EL device 134, a second rectifier 
143, the pixel electrode 115, and the current thin-film 
transistor 122 to the first feeder 114. 
[0064] In other words, the first rectifier 142, the sec- 
ond rectifier 143, the third rectifier 144, and the fourth 
rectifier 145 form a full-wave rectification circuit. A cur- 
rent flows from a first electrode 117 to a second elec- 
trode 118 in the organic EL device 134, regardless of 
the levels of the first feed potential 214 and the second 
feed potential 216. 

[0065] In this embodiment, an AC voltage is applied 
between the source terminal and the drain terminal of 
the switching thin-film transistor 121, and between the 
source terminal and the drain terminal of the current 
thin-film transistor 122, to cause an alternating current 
to flow, and a direct current flows between the first elec- 
trode 1 1 7 and the second electrode 1 18 of the organic 
EL device 134. This arrangement makes it possible to 
achieve a reduction in deterioration of the current thin- 
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film transistor 122 over time due to a DC voltage or a 
direct current 

[0066] Further, in this embodiment, the first electrode 
1 17 and the second electrode 1 18 are formed, and fur- 
ther, the first rectifier 142, the second rectifier 143, the s 
third rectifier 144, and the fourth rectifier ,144 are 
formed; and the organic EL device 134 is arranged in 
such a manner as to emit light by a current flowing from 
the first electrode 1 1 7 to the second electrode 118. The 
first rectifier 142, the second rectifier 143, the third rec- 10 
tifier 144, and the fourth rectifier 145 are arranged in 
such a manner as to permit current to flow from the pixel 
electrode 1 1 5 to the first electrode 117, from the second 
electrode 1 18 to the pixel electrode 1 15, from the sec- 
ond feeder 1 1 6 to the first electrode 1 1 7, and from the is 
second electrode 1 18 to the second feeder 1 1 6, respec- 
tively. Further, as disclosed in claim 7, the voltage sign 
of the first feeder 114 with respect to the second feeder 
116 is inverted at predetermined intervals. This 
arrangement makes it possible to cause a DC voltage to 20 
be applied between the first terminal and the second 
terminal of the organic EL device 134 causing a direct 
current to flow. Further, this causes an AC voltage to be 
applied, between the source terminal and the drain ter- 
minal of the current thin-film transistor 122 causing an 25 
alternating current to flow. Thus a reduction in deteriora- 
tion of the current thin-film transistor 122 over time due 
to a DC voltage or a direct current can be realized. At 
the same time, since the organic EL device 134 emits 
light during both periods of the odd-number frame 201 30 
and the even-number frame 202, the luminous effi- 
ciency can be improved and the power consumption 
can be reduced. 

[0067] Fig. 1 4 is a sectional view of the organic EL dis- 
play device having a thin-film transistor of the third 35 
embodiment. Fig. 15 is a plan view of the organic EL 
display device having the thin-film transistor of the third 
embodiment. The sections taken along the lines A-A' 
and B-B' of Fig. 14 correspond to sections taken along 
the lines A-A' and B-B* of Fig. 15. 40 
[0068] In this embodiment, the first rectifier 142, the 
second rectifier 143, the third rectifier 144, and the 
fourth rectifier 145 are formed by a PN junction or a PIN 
junction, and are formed simultaneously with the switch- 
ing thin-film transistor 121 , or the current thin-film tran- 45 
sistor 122. Due to this arrangement, a reduction in 
deterioration of the current thin-film transistor 122 due 
to a DC voltage or a direct current can be achieved, and 
further, an improvement in luminous efficiency and a 
reduction in power consumption can be achieved by so 
causing the organic EL device 134 to emit light during 
the periods of both the odd-number frame 201 and the 
even-number frame 202 without involving an additional 
producing process. 

[0069] Although in this embodiment described above, ss 
two transistors, i.e. a switching thin-film transistor and a 
current thin-film transistor are provided in each pixel, it 
is to be understood that a construction in which each 



pixel has one transistor provides the same effect Fur- 
ther, although in the above embodiment a frame inver- 
sion system is employed, the same effect will be 
obtained by employing it together with a voltage sign 
inverting system of the first feeder with respect to the 
second feeder for each scanning line, each data line, or 
each pixel. 

[0070] As described above, a construction employing 
a thin-film transistor as a switching element is adopted 
in this embodiment. The deterioration of a thin-film tran- 
sistor over time due to a direct current or a DC voltage 
is considerable. However, a significant reduction in 
deterioration over time can be realized by using the con- 
struction of this invention. The construction in accord- 
ance with this invention can improve the luminous 
efficiency of the luminescent element other than an 
organic EL device that can emit light when a current 
f tows in only one direction by rectification. 

Industrial Applicability 

[0071] The display apparatus in accordance with this 
invention can be used as a display device comprising a 
current driving type luminescent element such as an 
organic EL device or an inorganic EL device, and a 
switching element for driving the luminescent element 
such as TFT. 

Claims 

1. A current driving type emissive display apparatus 
comprising: 

a plurality of scanning lines and a plurality of 
data lines; and 

a respective combination of at least one thin- 
film transistor and a luminescent element cor- 
responding to each intersection of said scan- 
ning lines and said data lines, 
wherein an AC voltage is applied between the 
source and drain terminals of said at least one 
thin-film transistor, and 

a DC voltage is applied between first and sec- 
ond terminals of said luminescent element. 

2. A current driving type emissive display apparatus 
comprising: 

a plurality of scanning lines and a plurality of 
data lines; and 

a respective combination of at least one thin- 
film transistor and a luminescent element cor- 
responding to each intersection of said scan- 
ning lines and said data lines, 
wherein an alternating current flows between 
the source and drain terminals of said at least 
one thin-film transistor and 
wherein a direct current flows between first and 
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second terminals of said luminescent element 

A current driving type emissive display apparatus 
comprising: 

. 5 

a plurality of scanning lines; 
a plurality of data lines; 
a first feeder; and 
a second feeder, 

said current driving type emissive display 10 
apparatus further having, in correspondence 
with each intersection of said scanning lines 
and said data lines: 

a first switching element; is 
a second switching element; 
a storage capacitor; 
a pixel electrode and 
a luminescent element 

said first switching element controlling con- 20 
duction between a data line and said stor- ' 
age capacitor by means of a potential of a 
scanning line, and said second switching 
element controlling conduction between 
said first feeder and said pixel electrode by 25 
means of a potential of said storage capac- 
itor, to thereby control a current flowing 
through said luminescent element 
arranged between said pixel electrode and 
said second feeder. 30 
wherein said luminescent element com- 
prises a first luminescent element that 
emits light by a current flowing from said 
pixel electrode to said second feeder and a 
second luminescent element that emits 
light by a current flowing from said second 
feeder to said pixel electrode, the first and 
the second luminescent elements being 
arranged in parallel. 

A current driving type emissive display apparatus 
comprising: 

a plurality of scanning lines; 

a plurality of data lines; 45 

a first feeder; and 

a second feeder, 

said current driving type emissive display 
apparatus further having, in correspondence 
with each intersection of said scanning lines so 
and said data lines: 

a first switching element; 

a second switching element; 

a storage capacitor; 55 

a pixel electrode and 

a luminescent element 

said first switching element controlling con- 



35 



40 



duction between a data line and said stor- 
age capacitor by means of a potential of a 
scanning line, and said second switching 
element controlling conduction between 
. said first feeder and said pixel electrode by 
means of a potential of said storage capac- 
itor, to thereby control a current flowing 
through said luminescent element 
arranged between said pixel electrode and 
said second feeder. 

wherein said luminescent element and a 
rectifier are arranged in parallel between 
said pixel electrode and said second 
feeder, said luminescent element emits 
light by a current flowing from said pixel 
electrode to said second feeder, and said 
rectifier is formed in a manner such that a 
current flows from said second feeder to 
said pixel electrode. 

A current driving type emissive display apparatus 
comprising: 

a plurality of scanning lines; 
a plurality of data lines; 
a first feeder; and 
a second feeder. 

said current driving type emissive display 
apparatus further having, in correspondence 
with each intersection of said scanning lines 
and said data lines: 

a first switching element; 
a second switching element; 
a storage capacitor; 
a pixel electrode and 
a luminescent element 
said first switching element controlling con- 
duction between a data line and said stor- 
age capacitor by means of a potential of a 
scanning line, and said second switching 
element controlling conduction between 
said first feeder and said pixel electrode by 
means of a potential of said storage capac- 
itor, to thereby control a current flowing 
through said luminescent element 
arranged between said pixel electrode and 
said second feeder. 

wherein said luminescent element and a 
rectifier are arranged in parallel between 
said pixel electrode and said second 
feeder, said luminescent element emits 
light by a current flowing from said second 
feeder to said pixel electrode, and said rec- 
tifier is formed in a manner such that a cur- 
rent flows from said pixel electrode to said 
second feeder. 
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6. A current driving type emissive display apparatus 
comprising: 

a plurality of scanning lines; 

a plurality of data lines; s 

a first feeder; and 

a second feeder, 9. 



said current driving type emissive display apparatus w 
further having, in correspondence with each inter- 
section of said scanning lines and said data lines: 

a first switching element; 

a second switching element; is 
a storage capacitor; 
a pixel electrode and 

a luminescent element, said first switching ele- 
ment controlling conduction between a data 
line and said storage capacitor by means of a 20 
potential of a scanning line, and said second 
switching element controlling conduction 
between said first feeder and said pixel elec- 
trode by means of a potential of said storage 
capacitor, to thereby emit light by a current fol- 25. 
lowing through said luminescent element, 
which is arranged between a first electrode 
connected to said pixel electrode and a second 
electrode connected to said second feeder, 
said current driving type emissive display so 
apparatus further comprising: 

a first rectifier constructed so as to cause a 
current to flow from said pixel electrode to 
said first electrode; 55 
a second rectifier constructed so as to 
cause a current to flow from said second 
electrode to said pixel electrode; 
a third rectifier constructed so as to cause 
a current to flow from said second feeder 40 
to said first electrode; and 
a fourth rectifier constructed so as to 
cause a current from said second elec- 
trode to said second feeder, 
wherein said luminescent element emits 45 
light by a current flowing from said first 
electrode to said second electrode. 



trfier comprises a switching element for rectification 
connected to a gate, a source, or a drain terminal, 
and said switching element for rectification is 
formed simultaneously with at least one of said first 
and said second switching elements. 

A current driving type emissive display apparatus 
according to claim 4 or 5, wherein at least one of 
said first rectifier, said second rectifier, said third 
rectifier, and said fourth rectifier is formed by a PN 
junction or a PIN junction, and formed simultane- 
ously with at least one of said first and said second 
switching elements. 



A method for driving a current driving type emissive 
display apparatus as claimed in any one of claims 
3, 4, and 5, wherein a voltage between said first 
feeder and said second feeder is inverted at prede- 
termined intervals. 



so 



8. A method for producing a current driving type emis- 
sive display apparatus according to claim 4 or 5. 
wherein at least one of said first rectifier, said sec- 
ond rectifier, said third rectifier, and said fourth rec- 
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